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Kentucky Department of Highways 
Everyone has some compassion toward drivers who become victims of pave-
ment slipperiness. The development of slipperiness on a road surface follows one 
of the laws of nature. Why not, then, employ other laws provided by nature to 
better advantage? For example, craftsmen use grinders, abrasives, buffers, etc. 
to achieve glossy surface finishes. Traffic does the same to our pavements. We 
might employ craftsmens' routine in reverse -- that is, roughen the surface. Better 
still, the principles that are apparent in grinding wheel or whetstone may be used 
as a model for our pavement surface: a material of hard, abrasive granules glued 
together. If the glue is too hard, the abrasive particles themselves become dull 
and polished, the pores clog, and the wheel will not cut. A wheel or hone designed 
to do a specific job must be able to let go of a dulled particle, and expose a new, 
sharper particle from underneath. In other words, the wheel must undergo a 
controlled type of wear -- or else be dressedan.d re-roughened periodically. This 
is the analogy of a hot-mixed sand-asphalt pavement surface. 
Porosity or voidage (to use an old term) is thought to be essential in sand 
mixes. To maintain contact between the tire tread R.nd the sand particles at high 
speed, a squeegee or wiper (or air blast) might be placed ahead of the tires to pre-
dry the surface. Relying on the tire itself to squeeze the water away is where the 
peril arises. The inertial resistance of the water exceeds the inflation pressure 
of the tire, and the tire tends to water-ski -- hydroplane. The tread configuration 
is extremely helpful in allowing captive water to escape. Some contend that a 
rough, knobby, coarse surface provides drainage; but this is like riding on mountain 
tops; and the road noise is undesirable. Even so, the mountains eventually-round 
and polish -- and become slick. The idea of internal drainage originated from 
features that were apparent in Kentucky Rock Asphalt -- 13 to 15 percent voids and 
nice quartz sand. During rains, cars have been observed to produce less splash 
and spray on Rock Asphalt surfaces than on Class I. It also seems that the tire 
trail is drier. In any case, it is known that Rock Asphalt (now Gripstop) provides 
the highest traction. This has been known since 1924. 
The problem with this type of surfacing material is stability and strength. 
In brief, sands that are open-graded (not dense-graded) must be used; but they are 
not gradations that give stability and strength. This means that we need very hard, 
high-softening-point asphalts. Some of the old Rock Asphalt surfaces that had given 
many years of good performance were sampled, the asphalt was recovered, and 
the penetration was found to be in the order of 16. The natural Rock Asphalt which 
gl:!-ve so much trouble in the past contained asphalts having penetrations as high as 
400. 
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About 1958, the development of hot-mixed sand surfaces was undertaken as 
a substitute for natural Rock Asphalt -- which then went out of production because 
of its infamous performances record at that time. We were determined that our 
sand mixes would be stable and at least stay on the road. Sands were graded very 
dense -- and gave high stabilities with ordinary paving-grade asphalt cements. 
Another thing was done that 8iided and abetted stability: up to 50-percent limestone 
sand was permitted. These sand surfaces were successful! in all respects except 
one: they did not equal Rock Asphalt in skid resistance. Nevertheless, this was 
a good lesson. These dense mixes are performing at least as good as Class 1 
bituminous concrete surfaces, and people who ride on them express admiration. 
Now comes the real test. If quartz sand similar to that in Rock Asphalt 
is used -- maintaining a high percentage of voids -- can ·skid resistance equal 
to that of Rock Asphalt be expected? 
An experimental project was undertaken last summer in order to compare 
several mixes amongst themselves and with Rock Asphalt (Gripstop). Five one 
and one-half mile sections were placed end-to-end on U.S. 27 from Ky. 80 at 
Somerset northward. A preview of those experiments will be attempted herein. 
Figure 1 shows the general layout of the test sections and Table 1 describes them 
in more detail. Table 2 shows the quantities of materials used in each of the sections. 
Additional data describing the nature of the surface mixes are given in Tables 3 and 
4. Included in Table 4 are summaries of the skid-test results thus far obtained. 
Unfortunately, skid resistance comparisons may not be reliable until two or three 
years hence. Figures 2 through 10 illustrate the sands that went into the mixes 
and the paving operation. 
The sand (Lucas) used in all of the sections except the Rock Asphalt section 
was coarser than the Rock Asphalt sand. The stability of the Rock Asphalt and the 
regular sand mix used in Section No. 1 (blend of Lucas Sand and limestone sand, 
9 percent PAC- 3, voids greater than 9 percent) was about 900 lbs. 
Section No. 2 consisted of open-graded, high silica, Lucas sand+ 9 percent 
PAC-3, with 17. 5 percent voids and a stability of 40 lbs. This was alarming -- since 
the sand had no fines, some filler was requested. By adding 2. 5 percent portland 
cement, the stability increased to 90 lbs., and the voids reduced to 14. 7 percent. 
We wanted 13 to 15 percent voids, but also wanted stability values of 300 or greater --
which was not achieved. It is suspicioned that with low stabilities there will be 
scaling -- as occurred with Rock Asphalt some years ago. There is a tendency to 
normally l:>e very suspicious of high voids -- like we have here -- from the standpoint 
of freezing-and-thawing, but, for some reason, Rock Asphalt and Gripstop survive. 
Section No. 3 consisted of open-graded, medium silica, Lucas sand with 
30 percent limestone sand, had 10. 3 percent voids and a stability of 780 lbs. Obviously, 
the mix was not open-graded and was similar to Section No. 1. 
- 173 -
Section No. 4 was paved with Rock Asphalt (Gripstop). The natural mixture 
had 3. 5 percent natural asphalt in aggregate which was supplemented with PAC-3 
to give 9. 5 percent total. The resultant mixture had 10. 5 percent voids and a 
stability of 903 lbs. The natural asphalt (presumably roasted) had a penetration 
of 21; after mixing (with PAC-3) the extracted asphalt had a penetration of 31. 
The gradation showed 9.1 percent passing the 100-mesh screen. 
Section No. 5 was intended to simulate Section No. 4. The Lucas sand, with 
10 percent asphalt, gave 16. 25 percent voids and a stability of about 50 lbs. Sections 
No. 2 and No. 5 were very similar but not at all like Section No. 4. Actually, there 
was a misunderstanding (internally) -- the shape of the Lucas sand was quite good; 
but, it was to have been blended with a fine sand to further simulate the Gripstop 
material. 
Although we failed to achieve simulation of the Rock Asphalt mixtures, we 
ended up with some extremes which may prove to be more rewarding. For instance, 
we thought the Rock Asphalt would result in higher voids -- if there is anything to 
the notion of internal drainage in relation to skid resistance, we have an exceptional 
opportunity to demonstrate it. We will also have some idea of how far we can go in 
reducing stability. Incidentally, these high-void mixes were extremely tender; even 
after several days when the weather warmed, it was possible to dent them with thumb 
pressure. Perhaps it was fortunate that cool weather prevailed during and after 
paving. Traffic caused some damage while stopped during paving. This problem 
may have been relieved to some extent by cooling the new surface with a water 
spray. 
Although I may be somewhat biased in my opinion, I think you will see a great 
deal of hot-mixed sand surfacing in the future -- especially considering the present, 
compelling need for a high level of skid resistance on high-speed highways. We will 
be reporting future developments on this project from time to time. 
Section 
1 
2A 
2B 
3 
4 
5A 
5B 
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TABLE 1 
DESCRIPTION OF SECTIONS 
Description 
Sand Asphalt Surface 
Open-Graded, High Silica 
Sand Asphalt Surface 
Same as above except for 
cement added as filler 
Open-Graded, Medium Silica, 
Sand Asphalt Surface 
Crushed Bituminous 
Sandstone Surface 
Simulated Ky. Rock 
Asphalt Surface 
Same as above except for 
cement added as filler 
1
Length includes both A and B sections. 
Applicable 
Special 
Provision 
No. 22-A 
No. 59 
No. 59 
No. 58 
No. 24-B 
No. 60 
No. 60 
Length 
(miles) 
1. 5 
1. 51 
1. 5 
1. 5 
1. 5 
1 
Project 
Number 
SP 100-535 
SP 100-535 
SP 100-535 
SP 100-535 
SP 100-205 
SP 100-205 
SP 100-205 
Material 
Tack Coat SS- lh (gal. ) 
Natural Sand, Cover (tons) 
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TABLE 2 
MATERIAL QUANTITIES 
1 2 
2220 2220 
44 40 
Class I, Type A Scratch Course (tons) 
1 
1463 1463 
Surface Course (tons) 
2 
580 580
3 
1 
110 lbs. per sq. yd. 
2 
50 lbs . per sq. yd. 
3 
50 tons used in Section A. 
Section 
3 4 5 
2220 2320 2320 
48 46 46 
1524 1595 1595 
585 610 610
3 
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TABLE 3 
SPECIFICATIONS AND CHARACTERISTICS 
Item 
1 2A 
Section 
2B 
Asphalt Type PAC-3 PAC-3 PAC-3 
Si0
2 
(min. percent) 50 85 85 
Limestone (min. percent) 30 None None 
Mineral Filler, cement (percent) None None 2.6 
Natural Asphalt Content (min. percent) None None None 
Total Asphalt Content (percent) 7-10 7-10 7-10 
Gradation Specs. 
1/2" 
(percent passing) 
1/411 100 100 100 
#4 
#8 88-100 88-100 88-100 
#16 70-95 80-100 80-100 
#30 50-90 60- 95 60-95 
#50 20-65 
#100 5-20 1-20 1-20 
#200 1-8 0-3 0-3 
3 4 5A 5B 
PAC-3 PAC-3 PAC-3 PAC-3 
50 90 90 90 
30 None None None 
3 (max.) None None 2.6 
None 3.5 None None 
7-10 8-11 7-10 7-10 
100 100 100 
100 
40-100 40-100 40-100 
88-100 
80-100 
60-95 
1-20 0-15 0-15 0-15 
0-3 
Test 
Bitumen Extraction of Samples 
Effective Bitumen Content 
Bulk Specific Gr~vity 
Voids 
VMA 
Unit Weight (lbs. /cu. ft.) 
Stability (Adj. to 2. 511 Spec.) 
Flow 
Coefficient of Friction 
September 26, 1968 
November 14, 1968 
Sieve Analysis (Percent Passing) 
1/211 
1/411 
#4 
#8 
#16 
#30 
#50 
#100 
#200 
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TABLE 4 
AVERAGE TEST RESULTS 
1 2A 2B 
8.9 8.9 9.5 
7.5 8.4 9.0 
2.169 1. 913 1. 971 
9.2 17.4 14.7 
25.4 33.8 32.4 
135.4 119.4 123.0 
868 40 90 
7 8 5 
0.61 0.63 0.64 
0.54 0.56 
100 100 100 
92.5 94.8 88. l 
75.7 93. 0 84.7 
62.9 90.2 81. 0 
39.1 
6.9 3.4 4.4 
3.0 0.5 1. 4 
Section 
3 4 5A 5B 
9.2 9.5 9.9 9.9 
7.8 8.6 9.4 9.4 
2.126 2.017 1. 889 1. 924 
10.3 10.4 17.3 16.3 
26.9 27.8 35.0 34.3 
132.7 125.9 117. 9 120.5 
780 903 30.5 57 
3.5 8 6 7.7 
0.60 0.69 0.62 0.59 
0.56 
100 100 100 
100 
95.9 99.9 99.4 
91. 5 
74.9 
63.0 
4.3 9.1 3.7 4.6 
1. 9 0.6 0.9 
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flgure 1. Layout of Test Sections. 
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Figure 2. Rock Asphalt Sand. 
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Figure 3. Pritchard Sand (red, considered, not used). 
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Figure 4. Pritchard Sand (white, considered, not used). 
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Figure 5. Lucas Sand (used in all sections except No. 4). 
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Figure 6. Rock Asphalt Sand (1% Asphalt, not used). 
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Figure 7. Limestone Sand (used in Section No. 2). 
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Figure 8. Spreading Operation 
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Figure 9. Overall View of Completed Section. 
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Figure 10. Close-up of Section. 
